Summay.-This study assessed how stroking in backstroke varies with performance status and sex. A total of 36 subjects were separated into two groups of 18 by sex and further divided into two subgroups of nine, faster and slower, based on velocity in the 100-m event. Stroking parameters and coordination indexes were measured at this 100-m pace. Index 1 characterizes the continuity between propulsive phases of each arm and Index 2, the simultaneity between the beginning of the pull of one arm and of the recovery of the other arm. It is shown that the entry-catch and clearing vary ( p < .05) between men (4.5% + 3.7 and 27.1% f 9.0) and women (8.3% + 8.5 and 20.0% + 4.6). Index 1 indicates that women have a better continuity than men (7.4% f 6.3 vs -10.7% f 3.6; p < .05). Performance is mainly explained ( p < .05) by the increase in the entry and catch (r = .58 for men and .75 for women) at the expense of clearing (respectively, r = -.70 and -.53, p < .05). For men, Index 2 indicates that the simultaneity is higher in faster than in slower swimmers (10.6 f 7.0% vs 15.5 + 7.4%; p < .05) and is correlated with performance (r = -.47, p < .05). Index 2 is related to the clearing (r = .71), the number of kicks per cycle (K . C-', r = -.61), and the pull (r = .60). For women, the performance is explained by Index 1 (r = .48, p < .05). Index 1 is related ( p < .05) to stroke rate (r = .84), the clearing (r = -.70), and K . C-' (r = -.61). K . C-' increases from 6.4 f .70 for the faster to 7.8 f 2.0 for the slower group ( p < .05).
ing the push phase. Chollet and Pelayo (1996) have shown that the higher velocity of male swimmers in 100-and 200-m events is due to a greater distance per stroke. These results supported those of Craig, Skehan, Pawelczyk, and Boomeer (1985) who found that U.S. Olympic finalists used greater stroke rates and also had greater distance per stroke than swimmers whose velocities were 3 to 7 % less.
However, little information in the literature accurately describes and compares the stroke dynamics of male and female backstroke swimmers of various skill levels. Recently, in a study of male backstroke swimmers of intermediate skill, Lerda and Cardelli (2003a) used two indices of coordination constructed like those suggested by Chollet, Chalies, and Chatard (2000) . These indices quantify the continuity between the motor phases of each arm. To compute them, the durations of the entry and catch, pull, push, clearing, and recovery need to be measured. It was indicated that increase in skill is characterized by a shorter duration between the beginning of the pull of one arm and that of the recovery of the other arm. This decrease was related to an increase of clearing and was negatively correlated with durations of entry, catch, pull, and recovery. Continuing along these lines, the present research uses the same method to test the hypotheses which assume that the durations of stroke phases and the coordination between arms and legs vary as a function of sex and skill, these changes influencing the continuity of propulsive actions and the coordination of propulsive and nonpropulsive actions between the arms. Inexperienced swimmers were selected to test the hypotheses because they encounter particular difficulties with stroking and coordination (Lerda & Cardelli, 2003b) . Since stroking and coordination reflect the strategies or techniques employed while learning to swim, the use of subjects of intermediate skill (neither beginner or expert) appeared to be a good way of providing evidence for transformations involved in swimmers' stroking behaviors.
Subjects
Thirty-six subjects comprised two groups of 18 based on sex, who volunteered to participate. They were students in Sport Sciences, trained to swim twice in a week during 20 weeks and were not competitive swimmers. Front crawl was their usual and best stroke style. Based on best performances in the 100-m backstroke, they were divided into two subgroups of nine, Faster and Slower. The means and standard deviations of their times and speeds for the 100-m backstroke are given in Table 1 by age, height, and body mass. The 18 male subjects were selected from 36 men divided into two groups of 18 (More expert and Less expert) used in a prior study by Cardelli (2003a, 2003b) . Compared with this study, the faster and slower men of the current study comprised the nine swimmers whose velocity was nearest the median value of the 18 more and less expert swimmers, respectively.
Procedure
The methods used in this study have been reported in previous research of Cardelli (2003a, 2003b) . It is summarized in the following lines. Testing took place in an indoor pool of 25 m. Three trials of 25-m backstroke starting down in the water were swum and taken into account only if it did not exceed f 2.5 % of the swimmer's 100-m velocity (V100). A complete rest followed each trial. Each swimmer's displacement was located according to head position and filmed between the 10-and 22.5-meter line using two lateral cameras, one on the surface, the other underwater. Footage from the cameras was synchronized by a mixer including a chronometer into a single film showing above and underwater views in the upper and lower halves of the screen, respectively.
Trial Velocity (V, m -set.-') was defined as 12.5 m divided by the time to traverse this distance. Stroke Rate (SR, cycles. min.-') was recorded during three stroke cycles by a manual SEIKO frequency meter. Stroke Length (SL, m -cycle-') was calculated as the Trial Velocity divided by the Stroke Rate. Arm movement was broken down into five stroke phases and temporally quantified using the method of Chollet, et al. (2000) . The end of each phase was the beginning of the following. Entry and Catch was the time from the entry of the hand in the water to beginning of its backward movement, Pull this until its arrival at the vertical plane through the shoulder, Push this until the end of its backwards movement, Clearing this until its release from the water, and Recovery this until its next entry into the water, completing a stroke cycle. Only Pull and Push were considered as propulsive phases. The observed swimmers were not expert and used a poor propelling technique. Two kinds of propulsive movements were observed: some swimmers pushed water straight back and horizontally in approximately the same plane as the torso while others stroked with taut arms and realized circular underwater hand-backward path. Thus, to describe those arm movements, the breakdown described above better suited than the one suggested by Maglischo (2002) . Indeed, the author analyzed underwater sequence photographs of high-level backstrokes and showed that they performed four underwater sweeps (two downsweeps and two upsweeps) followed by a release, an exit of the arm and recovery over the water. This reading accurately displays an expert swimmer's movements but was too far from the shape of the less expert stroke patterns to be used in the present study.
From this division into five distinct phases, the mean duration of each phase and of a complete arm movement were calculated over a series of two arm strokes. Each phase was then expressed as a percentage of the duration of a total arm stroke. The synchronization of arm and leg movements was defined by the number of kicks for a complete arm stroke (kicks . cyclep1).
In seven cases, the view of hand position during the push of the arm farthest away from the lens was obstructed by the swimmer's body. The elbow was then taken as the new reference with an amount of error estimated to .02 sec. This corresponded to the greatest observed difference between the hand and elbow positions for the entire population of swimmers.
Arm coordination was quantified using two Indices of Coordination (Index 1 and Index 2). The lag times (Lag 1 and Lag 2) between the actions of the left arm and the right arm were calculated. To compute lag time, the time recorded at the beginning of the pull of one arm was subtracted from that of the end of the push (Lag 1) or of the clearing (Lag 2) of the other arm. These lag times were expressed as percentages of the mean duration of a stroke cycle and thus converted to Index 1 and Index 2, respectively. Index 1 measured the continuity in the coordination of the propulsive actions of the two arms: the greater the value, the higher this continuity. Index 2 measured the simultaneity between the beginning of the pull of one arm and that of recovery of the other arm. The nearer to zero it was, the greater this simultaneity.
Statistical Analysis
The means obtained from the groups for each of the dependent variables over the three consecutive trials were compared using an analysis of variance incorporating two factors, sex and skill, each with two levels (Men/ Women and Faster/Slower, respectively). All main effects and all interactions of every order were calculated. Using the method of Bravais-Pearson, the correlation of each variable with each of the other variables was computed. Stepwise regression was done using the velocity as the dependent variable to assess the extent to which the different independent variables could account for the variance in swimming velocity. Only those variables which added significant variance (F ratio larger than 3.99, p < .05) were included in the final regression equation. Values for the coefficients of all the variables were calculated and related to their standard error of estimate (SEE) to calculate critical p values. A .05 level of significance was adopted in all statistical analyses. To analyse the performance of the 36 subjects, a principal component analysis was used in a descriptive way to represent the data with fewer parameters without much loss of information. The correlation circle represents the dependent variables and their relationships. The principal components analysis specified the axes of the circle by a linear combination of the different parameters; those projected on this axis nearest the periphery of the circle carry the most weight. The correlations between the axis (or factor) and the parameters were computed. With the correlation circle, we can situate the relationships between variables to identify the significant aspects of skill.
The chance of making at least one Type 1 error (rejecting the null hypothesis when it is true) increases in multiple-comparison procedures because tests are usually designed for a single-pair comparison. When looking at the significance of individual tests in multiple testing situations, one should remain aware that the risk of considering a difference significant when it is not is relatively high. In the case of a correlation matrix, the Bonferroni correction concerns the question of whether the alpha level should be adjusted downward to consider capitalization on chance. But when variables are mutually correlated, the Bonferroni correction is way too conservative and therefore was not used. However, the correlation analysis was used with caution, and the associated thresholds of significance are only indicative.
RESULTS
The coefficients of correlation between the studied variables are presented in Table 2 .
Comparisons between mean values obtained in each group for the 10 dependent variables derive from the analysis of variance. They are given in Table 3 . The comparison between men and women shows that velocity, stroke rate, and stroke length were not related to sex. The women had a longer entry and catch than the men (8.3% + 8.5 vs 4.5% + 3.7, p < .05).
This increase is inversely proportional to clearing ( p < .01), which increases from 20.0% + 4.6 for women to 27.1 % f 9.0 for men ( p < .O5). Index 1 for the women was higher than that for men (-7.4% f 6.3 vs -10.7% f 3.6, p <.05).
The comparison between faster and slower swimmers showed that the higher velocity of the faster swimmers can be explained by variations in stroke length for men and in stroke rate for women (p < .05). The entry and catch of women and the pull of men were longer in the faster group ( p < .O5). The faster women had a greater value than the slower women for Index 1. For men, Index 2 was nearest zero in the faster group. For both sexes, the faster group had fewer kicks per arm stroke than the slower group (6.4 k 0.7 vs 7.8 k 2.0 kicks per stroke, p < .05). Of the faster swimmers, 72.2% performed a 6-beat kick, 16.7% a 7-beat kick, and 11.1% an 8-beat kick. Of the slower swimmers, 33.3% used a 6-beat kick, 27.8% a 7- Pearson coefficients of correlation among the variables and the three first factorial axes are presented in Table 4 . A correlation circle is shown in Fig. 2 . The results of the principal component analysis indicated percentages of total variance explained by the three first axes (or factors) were for Axis 1 36% and 34%; Axis 2 36% and 27%; Axis 3 27% and 25% for men and women, respectively. The factor Velocity (Axis 3 for men and Axis 2 for women) showed an increase in entry and catch and stroke length with increasing velocity. The factor Continuity/Propulsion (Axis 2 for men and Axis 1 for women) represented the increases in stroke rate, Index 1, and push with a decrease in the number of kicks per stroke. The factor Simultaneity/Propulsion (Axis 1 for men and Axis 3 for women) represented an increase in Index 2 and clearing, attributed to a decrease in pull and recovery phases for men. However, the differentiation between the two levels of swimming performance did not appear in the same way for the men and women. In men, the Faster/Slower differentiation was organized around the factor Simultaneity/Propulsion. The correlations indicated that the faster swimmers tended to have lower values for Index 2 (r = -.47, p < .05), clearing (r = -.52, p<.05), and numbers of kicks per stroke (r = -.50, p<.05), with a longer pull phase (r = .58, p < .05). The factor Continuity/Propulsion distinguished the swimmers independently of velocity. Some men increased Index 1 with the stroke rate (r = .61, r = .05) and the push duration (r = .48, r = .05) while decreasing the number of kicks per stroke (r = -35, p < .05); others showed inverse behavior.
In women, the factor Continuity-Propulsion explained greater variance in performance. The faster swimmers prioritized the increase in Index 1 (r = .48, p < .05), which was related to an increase in stroke rate (r = 3 4 , r = .05) and a decrease in clearing (r = -.70, r = .O5) and in the number of kicks per stroke (r = -.61, p < .05). The inverse was found for the slower women. The factor Simultaneity/Propulsion was independent of velocity and differentiated the swimmers who increased Index 2 and clearing (r = 3 4 , p < .05) from those who did the opposite.
DISCUSSION
An important finding of the present study is that the increase in the duration of the entry and catch phase is the best predictor of performance for both sexes in the 25-m backstroke. This increase is at the expense of the duration of clearing. Therefore, during the pull of one arm, the faster swimmers probably encounter less drag than the slower ones because exit of the opposite arm from the water is earlier. This result agrees with the observation of Lerda and Cardelli (2003a) who showed that, for the same population of male swimmers at 100-m velocity, the increase in backstroke performance level was characterized by the prolongation of the entry and catch phase (10.9% for the faster compared to 3.1% for the slower swimmers). A longer entry and catch phase can streamline the body and limit imbalances, thus reducing drag (Chollet, et al., 2000) . This observation also supports the idea of Clarys (1979) and Kolmogorov and Duplisheva (1992) that active drag is highly dependent upon biomechanical swimming technique.
The principal component analysis also underlines this feature. Factor 3 for men and Factor 2 for women represented the parallel increases in velocity and the entry and catch phase. These increases are related to stroke length, which is a factor in stroke efficiency (Hay & Guimaraes, 1983; Costill, Kovaleski, Porter, Fielding, & King, 1985; Smith, et al., 1988) . Comparing faster and slower swimmers, observation of other factors shows that specific changes in stroke organization are also a function of sex. For men, the factor Simultaneity/Propulsion shows that the substantial variance in velocity is also explained by the simultaneity between the beginning of the pull of one arm and the recovery of the other arm. Index 2, which quantifies this si-multaneity, was lower for the faster than for the slower group, indicating an increase in the simultaneity with performance. This increase was related to a reduction of clearing and an increased duration of the pull and recovery. In women, a second factor of skill differentiation was Continuity/Propulsion. The fastest swimmers increased Index 1, corresponding to reducing the decrease in propulsion between the beginning of the pull of one arm and the end of the push of the other arm. This change in coordination was related to an increase in stroke rate and push.
It is curious that improvement in performance was not accounted for by the same modifications of technique in both sexes. This can be explained by the effect flotation has, and that it is higher for women than for men. For example, Chatard, Lavoie, and Lacour (1991) found that hydrostatic lift is 1.8.0 + 6 kg in men but 2.2 k 0.7 kg in women. Moreover, underwater torque is higher for men than for women, with men exhibiting a more pronounced tendency for the legs to sink (Lerda, Germanangue, & Chrktien, 1995) . This lower buoyancy increases the body's immersed cross-sectional area and hydrodynamic resistance, making it more difficult to hold a better flotation and gliding position (Holmer, 1974; Clarys, 1979) . So the slower men appeared to take advantage of a longer clearing to keep their faces out of the water and thus breathe more easily. Improvement in swimming technique goes through breathing adjustments as the axis of body and head assumes a more horizontal position in the water (Lerda & Cardelli, 2OO3b) . This results in a capacity of the faster swimmers to prolong the pull while the clearing is reduced. For women, more flotation favours glide and probably diminishes problems of breathing. Better flotation also explains why improvement in performance is based on the continuity of propulsion, the push being lengthened at the expense of clearing. Thus, the observed modifications of Index 2 in men and Index 1 in women by performance translate into longer propulsive phase duration which is the time during which the propulsive force is applied (Chatard, Collomb, Maglischo, & Maglischo, 1990) . The factors of Continuity/Propulsion for men and Simultaneity/Propulsion for women also differentiated the swimmers. This variability must not be interpreted as related to the swimming performance. Dispersion of the swimmers' coordinates on these axes is probably related to other parameters. This observation emphasizes that further experiments are required to specify the role of, for example, joint laxity, hand surface area, body shape, etc. to evaluate the exact variability due to technical ability.
The relationship of flotation and gliding to swimming performance can be recalled to explain that the entry and catch of women is longer than that of men and, inversely, the clearing shorter. According to Chatard, Collomb, Maglischo, and Maglischo (1990) ) this observation confirms that the durations of stroke phases are not due to chance but related to anthropometric criteria. Indeed, these authors demonstrated that, for nine expert male swimmers of the front crawl, the entry was negatively correlated with hydrostatic lift. In the less expert and mixed population of the present study, the better flotation of women can explain their greater aptitude to maintain a horizontal body position and consequently the lengthening of the entry and catch to reduce drag (Chatard, Lavoie, Bourgin, & Lacour, 1990) . The shortened clearing benefits the continuity of the propulsive action. Indeed, all participating swimmers had a negative Index 1, indicating that their stroke coordination conformed to the front catch-up model, which is characterized by a lag time between the beginning of the pull of one arm and the end of the push of the other arm. However, arm propulsion was less interrupted for the women who had a higher Index 1 than the men. This better continuity and greater duration of propulsive phases, in addition to an improved gliding position, results in a better swimming efficiency by reducing energy cost (Chatard, Collomb, Maglischo, & Maglischo, 1990; Klentrou & Montpetit, 1992; Chollet, et al., 2000) .
In both sexes, better performance was accompanied by a modification in arm and leg synchronization. In the faster group, most of the swimmers performed a 6-beat kick, synchronization which allows a greater direct contribution of the legs to propulsion (Hollander, De Groot, Van Ingen Schenau, Kahman, & Toussaint, 1988) . The greater number of kicks per stroke used by the slower swimmers is associated with specific modifications in arm movement. The number of kicks per stroke increases with the duration of clearing in both sexes. It is positively correlated with Index 2 in men and negatively with Index 1 in women. These adjustments possibly compensate for the imbalances, the less streamlined position, or the interrupted propulsion of the slower swimmers (Cappaert, David, & Troup, 1995) . However, kick requires a proportionally great VOz but contributes less to propulsion (Holrner, 1074; Hollander, et al., 1988) . Chatard, et al. (1991) also found that energy cost was higher for swimmers preferring to use their legs rather than their arms. Thus, it can be suggested that the swimming energy cost is less for more than just the slower swimmers.
In this study, the use of intermediate swimmers is interesting because it leads to out the aspects of stroking and coordination which best indicate the technical evolution in backstroke swimming during learning. However, several limitations affect the interpretations of these results. First, the data lack an expert group for comparison. Although many studies (Costill, et al., 1992; Maglischo, 2002) deal with the analysis of the backstroke technique in elite swimmers and can be used as references, they did not specifically tackle this question. Moreover, the anthropometric measures and body composition of high level swimmers are exceptional and naturally give rise to different timing dynamics than swimmers of common physical charac-teristics. Second, the sample size is small compared with the great number of statistical analyses and particularly the correlations and principal component analysis. This problem decreases the statistical power and consequently the significance of results. Thus, the statements derived from this study must be interpreted cautiously and confirmed by further investigations.
